The vernacular name 'harmal' is applied to Peganum harmala L. and another noxious weed Rhazya stricta Decne. The study aimed to clarify the genetic relationships among different populations of harmal by employing ecological, anatomical characters and a pattern of leaf protein analysis. The soil and plant samples were collected from three regions of Saudi Arabia for each species. Soil texture of the harmal populations was characterized by loamy sand and sandy. Soil type had a significant effect on the internode anatomical characters of the soil textures of both hamal populations. The anatomical characters were observed in the cuticle layer on the stem. Similarly, compact epidermis, wide cortex and many water storing tissues were observed. In the present study, it was also observed that plants have numerous cortical cells to store large amount of water, so as to fight against the dry environment. This interaction between the soil type and the plant anatomical characters was found to be well adapted to the environment of different habitats. The sodium dodecylsulphate polyacrylamide gel electrophoresis (SDS-PAGE) analysis of pattern profiles showed limited variations between the two species of harmal, which indicated the genetic similarity among populations of both species at different habitats. These variations were considered as successful adaptations leading to tolerance.
Introduction
The flora of Saudi Arabia has one of the richest biodiversity in the Arabian Peninsula and comprises very important genetic resources of crops and medicinal plants. In addition to its large number of endemic species, the flora is an admixture of elements of Asia, Africa and the Mediterranean region [1] . Hence, Saudi Arabia has been regarded as a natural reservoir collecting a variety of wild medicinal and aromatic plants [2] . Medicinal plants are therapeutic resources much used by traditional populations of the world specifically for health care [3] . The World Health Organization [4] estimated that up to 80% of the world population relied mainly on herbal medicine for primary health care [5] .
Peganum harmala L. (family Zygophyllaceae) is a perennial herbaceous plant. It is native to arid and semiarid rangeland, widely distributed in North Africa, the Middle East, Turkey, Pakistan, India, and Iran [6] . P. harmala grows in neglected areas and disturbed ground as well as along the roads. It occupies niches that receive runoff water as well as recorded rainfall [7] . P. harmala is not usually grazed due to its bitter taste that repels animals. P. harmala contains many pharmacologically active chemical compounds [8] , such as alkaloids (harmaline, harmine, harmalol and harmol). It has been used in folk medicine as antiinflammatory [9] , anticancer [10] , antitumor [11] , antimutagenic [12] , antiprotozoal, antibacterial and antifungal agents [13] . The vernacular name of P. harmala is 'harmal', also applied to another noxious weed, Rhazya stricta (family Apocynaceae) [14] .
Rhazya stricta Decne of Apocynaceae is a perennial dwarf shrub widely distributed in the sandy plains of Saudi Arabia and comparable habitats throughout the world [15] . It is abundantly found in Western Asia from Yemen to Saudi Arabia, to the North West Province of India and various regions of Pakistan. This plant species is considered one of the most important medicinal plants that grow in the most desert areas in the Arabian Peninsula. The vernacular name of R. stricta is 'harmal'. There are two reasons behind the economic value of R. stricta. Firstly, it functions as an invasive weed into the rangelands that causes retrogression to their ecological condition. Secondly it is a valuable native medicinal plant that needs to be preserved [16] .
Leaf extracts are specified in folk medicine for the treatment of various disorders including diabetes, sore throat, syphilis, helminthiasis, inflammatory conditions and rheumatism [14] . Phytochemical analysis has identified more than 100 alkaloids [14, 17] . These alkaloids have several pharmacological properties. A recent study found that R. stricta extracts promoted apoptosis induction in breast cancer cells, suggesting its potential as an achemo-preventive or therapeutic agent [18, 19] . However, currently there have been no genomic resources for R. stricta to facilitate the development of this species for therapeutic applications using a genomic approach on natural product [20] [21] [22] .
The aim of the present investigation was to study the genetic relationships among different populations of P. harmala and R. stricta species in Saudi Arabia by employing ecological, anatomical characters and a pattern of protein analysis.
Experimental Collection of plant materials
Fresh samples representing P. harmala and R stricta were collected from three phytogeographical regions in Saudi Arabia. P. harmala was collected from Taif region (Saseed National Park), the road of Riyadh to Mecca (Ashayrah) and the road of Mecca to Taif (AlSail AlKebeer). R. stricta was collected from the road of Taif to Riyadh (protected region; Saja & Umm Alramth wildlife Sanctuary), Mecca region (Arafat region) and the road of Mecca to Taif (Az Zemah). Three populations of each species were collected from different locations to study the anatomical structure of internodes and the texture of soil samples and salinity.
Soil analysis
Soil samples of two species were air-dried, sieved through a 2 mm mesh, and were then used to measure the chemical and physical properties according to standard procedures. The pH and electrical conductivity (EC) values of soil samples were measured using 1:5 ratio of w/v with distilled water by pH-meter and the electrical conductivity meter respectively. The distribution of particle size was determined according to the method of Gee and Bauder [23] . Calcium carbonate content was determined using a calcimeter [24] .
Anatomical studies
Fresh samples of P. harmala and R. stricta were selected at random, and 2 cm in length was taken from the base of internode of a main stem for anatomical study. Microtechnique procedures done by Nassar and El-Sahhar [25] were followed. Specimens were killed and fixed for at least 48 h in formaldehyde acetic alcohol fixative (F.A.A.; 10 mL formalin, 5 mL glacial acetic acid, 25 mL distilled water, 60 mL ethyl alcohol 95%). After fixation, materials were washed in 50% ethyl alcohol, dehydrated through a normal butyl alcohol series. Free hand sections were prepared by using safranin-light green or crystal violet-erythrosin combinations before mounting in Canada balsam and cover slips attached. Slides were analysed under light microscope and photomic.
SDS-PAGE analysis
For the extraction of total protein, young fresh leaves of P. harmala and R. stricta were homogenized with liquid nitrogen in mortar. Proteins were extracted from leaves in 0.1 mol Tris/HCl and 0.5 mol NaCl (pH 8.0) for 2 h. After spinning at 12,000 rpm for 20 min. The supernatant was collected for further use in gel electrophoresis. Protein concentrations of all the samples were measured by the protein dye binding method of Bradford at 595 nm using BSA as a standard [26] .
The sodium dodecylsulphate polyacrylamide gel electrophoresis (SDS-PAGE) was performed by the method described by Laemmli [27] . Proteins were analysed on gels of 1.5 mm thick and 15 cm long by running in a dual vertical slab unit (Hoefer Scientific Instruments, San Francisco, CA, USA). From each sample, 25 μL of protein extract was loaded on a polyacrylamide gel. The separation gel (10%) and staking gel (3.5%) were prepared from an acrylamide monomer solution (Roth, Karlsruhe, Germany). Protein was electrophoresed at a constant current of 30 mA through the stacking gel, and at 90 mA through the separation gel at room temperature, the gels stained by silver nitrate [28] . For quantitative measurements, a charge-coupled device camera imaging system and UVI software analysis (Gel Documentation and Analysis Systems, Uvitec, Cambridge, UK) was used to capture the image and to calculate the band intensities.
The banding patterns of SDS-PAGE for protein score and data were fed to the PC computer as 1 and 0 for the presence and absence of bands, respectively. In order to access to an overall distribution of genetic diversity, the data were analysed using Minitab 18 software.
Results and Discussion

Ecological character
The soil of the studied area was alkaline in nature with loamy sand and sandy, having a considerable amount of calcium carbonate. The soils were collected from Saseed National Park and AlSail AlKebeer for P. harmala and Arafat for R. stricta populations found on loamy sand, while the soils were collected from Ashayrah for P. harmala and Saja & Umm Alramth Wildlife Sanctuary and Az Zemah for R. stricta populations found on sandy ( Regarding the estimated chemical contents (Table 1) Table 1 ).
The soil of the studied area was alkaline in nature with loamy sand and sandy, having a considerable amount of calcium carbonate, which was typical of semi-arid and arid soils. Soil texture and structure are important factors that determine the water holding capacity of the soil for plant growth [29] . Therefore, changes in these two important factors may affect the amount of water in soil, and therefore the abundance, distribution and existence of plants in the region [30] . It was also suggested that the loamy sand type soil is the indicator of the availability of water and micronutrients for plants and thereby affecting the plant growth since the sandy soil holds less water and nutrients.
The parameters of soil salinity and conductivity wew found to be closely related to each other, because both parameters referred to the amount of ions present in the soils. The result showed similar profiles for these two parameters. The reason for this similarity between salinity and EC was that the parameters were both influenced by the amount of free ions contained in the soils, mostly Na + , Cl -ions and CaCo 3 . Subsequently, there was a direct proportional relationship between each other [31, 32] .
Anatomical character
The transverse sections through the basal portion of internode of the main stem of P. harmala of three populations consisted of a cuticle epidermis layer, a wide parenchymatous and sclernchymatous cortex, and radial vascular bundles and pith. The population of Saseed National Park may be similar to the population of AlSail AlKebeer in terms of sections. The cambium tissue was smaller in terms of layers in the population of Ashayrah than the other two populations. The secondary growth took place in nearly a continuous cylindrical form in Saseed National Park and AlSail AlKebeer populations. The pith tissue of Ashayrah population was considerably larger than the other two populations (Fig. 1) .
Characterization of anatomical features of the stem in all three populations of R. stricta was performed. Sections of the three populations consisted of thick cuticle on epidermis, wide parenchymatous cortex, radial vascular bundles, endodermis and pith. Beneath the epidermis, collenchymatous cortex was found, the (Fig. 1) .
The anatomical features of P. harmala and R. stricta of three populations in the present study are in agreement with the description of Said and Ehsan [33] . The transverse section through the basal internode of the main stem of the two species had the same structure but with different thickness of layers (cuticle, cortex, phloem, xylem, etc). Such differences can be referred to the environmental variations. This hypothesis is supported by the present findings, whereas P. harmala of Saseed National Park population was similar to that of AlSail AlKebeer population found in the same soil structure, showing secondary growth and significant differences in the chemical contents of the soil. But they differed from the population of Ashayrah in their layers of stem tissues. Furthermore, the anatomical features of the stem of R. stricta from Saja & Umm Alramth Wildlife Sanctuary were found to be similar to those from Az Zemah in the same soil structure, having large layers of conjunctive tissue and significant differences in the chemical contents of the soil. But they differed from the population of Arafat in their layers of stem tissues.
Anatomically, results from the present study are in agreement with the report of Koyuncu et al. [34] , who reported that sclerenchyma cells were present in the lower cortex which provides resistance in the dry condition, and that the presence of thick cuticle on the stem surface of P. harmala suggested the soils were loamy sand and sandy. Vascular bundles were radially arranged in several circles from the pith towards the periphery [35] . These results are in agreement with the findings of Bibi et al., [35] on R. stricta. R. stricta had thick cuticle on epidermis, wide parenchymatous cortex and numerous radially vascular bundles. Wide cortical region and numerous vascular tissues were found. These findings supported our results that the plants had a large number of narrow vessels to overcome the environmental conditions [33] .
SDS-PAGE analysis
The protein banding patterns based on SDS-PAGE were studied for P. harmala and R. stricta from three genotypes for each species. Cluster analysis of the protein markers data placed P. harmala and R. stricta into the main groups (Fig. 2) , according to their previous species assignment. The genetic similarity between P. harmala and R. stricta genotypes ranged from 82% to 94% by inter-specific comparisons. The application of unweighted pair group method with arithmetic averages (UPGMA) clustering produced Arafat genotype of R. stricta alone and one cluster within the populations with a branched-off at the genetic similarity of 82%, each consisting of several sub-clusters. The subcluster consisted of Az Zemah genotype of R. stricta alone and one sub-cluster within the genotypes at The protein banding patterns based on SDS-PAGE were studied for P. harmala and R. stricta from three genotypes for each species. A genetic similarity between R. stricta and P. harmala genotypes was shown by inter-specific comparisons and intraspecific comparisons. The similarity between R. stricta genotypes observed in Arafat and Az Zemah was higher than that observed in Saja Umm Alramth Wildlife Sanctuary. However, the similarity between P. harmala genotypes observed in Ashayrah and AlSail AlKebeer was higher than that observed in Saseed National Park. The genetic similarity of harmal genotypes can be referred to the convergence of EC and indicate the similarity of soil salinity of different genotypes. On the other hand, the genotypes of high genetic similarity with low soil salinity were indicated by more protein patterns with higher intensity than the genotypes of high soil salinity. Changes in protein profiles also depended on the plant parts being studied and the nature of the plant species [7] . These changes were considered as successful adaptations leading to tolerance [7, 36] .
These results agreed with other workers who used protein analysis by SDS-PAGE to study the genetic variability and the genetic relationship among the different species of Calotropis procera, wheat, Capsicum, Oryza sativa, walnut and Abrus precatorius genotypes collected from different natural habitats [37] [38] [39] [40] [41] [42] . SDS-PAGE analysis provided strong basis for the discrimination of genotypes on the basis of specific polypeptide fragments. Resulted profiles showed different patterns which indicated variability among populations from different habitats.
Conclusions
In summary, Soil type had a significant effect on internode anatomical characters of both species of soil textures. The analysis of soil samples collected from the selected locations indicated low values of electrical conductivity (salinity), loamy sand and sandy soil texture. The two species had distinct anatomical characters which were found to be well adapted to the environment of different habitats. The SDS-PAGE analysis illustrated distinctive qualitative alterations based on the variations in number of polypeptide bands and molecular weights. Different populations of the same species could modify genetically to determine adaptations to environmental conditions in their habitats; these tolerant populations could be considered as valuable genetic resources to be introduced to gene banks.
